 3  0 
and gene expression in purified human monocytes from 1,202 individuals (ranging 1 4 0 44~83 years of age) and proved that blood monocyte transcriptome and epigenome 1 4 1
can reveal loci associated with human age [31] . We downloaded the above data from causing abnormal gene expression [20, 32, 33] . For example, based on peripheral blood 1 4 8
DNA methylation data of 464 individuals who were current, former, and 1 4 9 never-smokers (GEO accession: GSE50660), researchers have identified 15 1 5 0 methylation sites associated with smoking [32] . In addition, the GSE53045 dataset Benjamini-Hochberg correction based on this dataset [20] . The third smoking 1 5 4 phenotype-related DNA methylation dataset was collected from GSE85210. blood cells, and revealed 738 CpGs significantly associated with current smoking 1 5 7
[33]. Because previous research found that the DNA methylation difference between the 1 7 4
promoter region and the body region is highly related to the expression level of the 1 7 5
gene [15] . The input data of the SIMPO algorithm is the DNA methylation beta value 1 7 6
of cg probes that are located in the promoter regions and the other regions. The 1 7 7 statistical difference method t-test is used to SIMPO, and the degree of difference 1 7 8
(SIMPO score) is used to characterize the DNA methylation of corresponding genes: relates to the number of probes, in order to ensure the reliability of the SIMPO score, 1 8 7
we only selected genes with several other region-located and promoter region-located 1 8 8 probes greater than or equal to five for further calculation. 
SIMPO-TSS200
Using the TSS200 probe as the promoter the other probes as the body region, the SIMOP score of each gene was calculated.
SIMOP-TSS1500
Using the TSS1500 probe as the promoter region and the other probes as the body region, the SIMOP score of each gene was calculated.
SIMOP-TSS200&TSS1500
Using the TSS200 and TSS1500 probes as promoter regions and the other probes as body regions, the SIMOP score of each gene was calculated.
DMPs
The traditional EWAS algorithm calculates differentially methylated positions between the phenotypic group and the control group through the R package "minfi".
DMGs
The traditional EWAS algorithm is based on DMPs mapping to corresponding differentially methylated genes. In this study, disease-associated genes were collected from the DisGeNET database Toxicogenomics Database (CTD), ClinVar, Orphanet, GWAS Catalog, Genetic Higher scores indicate higher confidence in the gene-disease relationship [35] . DisGeNET score for the gene-disease relationship is supported by multiple pieces of annotates the scoring model of gene-disease associations. In order to verify the robustness of SIMPO algorithm in the same dataset, this study 2 1 0 added random noise of 0.1 to 1 degree to the DNA methylation beta value of each 2 1 1 probe. Firstly, because the range of normalized DNA methylation beta is -1 to 1, we 2 1 2 generated the random numbers in the range of -1 to 1 through the Python random 2 1 3 module. Next, we multiplied the random number by 0.1 to 1 and obtained the random new DNA methylation beta values of probes to the SIMPO score calculation. We enriched the KEGG pathway of folic acid supplement-derived differential genes 2 1 9 through GSEA (Gene Set Enrichment Analysis) [37] . The rank of differential genes In this study, the DNA methylation feature (SIMPO score) of each gene was extracted 2 2 7 based on the SIMPO algorithm, and the Spearman correlation test was used to test the 2 2 8 correlation between the SIMPO score and mRNA transcription average of each gene genes are significantly related to the average mRNA transcription (Figure 3g ) ( Table   2 3 2 S1); based on SIMPO-TSS1500 algorithm, the SIMPO scores of 41.22% of the genes on DNA methylation beta value (Figure 3a~3f) . It is indicated that the SIMPO score 2 3 8
of the gene has a good correlation with the average mRNA transcription, and the 2 3 9
SIMPO score can contain the original DNA methylation information of the gene. for SIMPO-TSS200&TSS1500 algorithm-identified genes. Based on the SIMPO algorithm and traditional probe-based algorithm, DNA 2 5 1 methylation features of different genes of smokers and healthy people were obtained. Then, the significantly associated probes/genes of smoking were predicted through 2 5 3 differential analysis (calculated by t-test). The number of differential genes (P-value 2 5 4 ≤ 0.05) obtained from these three smoking DNA methylation datasets are shown in phenotype-related datasets identified by SIMPO algorithms. For a particular gene, multiple probes contained in it will get different P-values. We 2 6 4 selected the max P-value and the min P-value of the probe to represent the correlation 2 6 5 between this gene and the smoking phenotype, and then obtained the ranking of these 2 6 6 genes, respectively. We compared the intersection of the top N genes to show the 2 6 7 robustness of traditional EWAS, which often focus only on the DNA methylation probe-focused study, the robustness in the same dataset is weak, and only about 8% of 2 7 0 the genes have intersections. Next, in order to test the robustness of the SIMPO algorithm in the same dataset, this 2 7 6 study added random noise of 0.1 to 1 degree to the three DNA methylation data intersections obtained by the SIMPO algorithm were more significant than 2 8 3 probe-based methods. Hence, the robustness of SIMPO is better than the traditional 2 8 4 probe-based method for the same dataset. For traditional probe-based methods, because the same gene often contains multiple 3 0 5 methylation probes, the same gene will get multiple smoking-related P-values. For the 3 0 6 same gene, this study intended to select the average, the max, and the min P-value to 3 0 7
represent the correlation between this gene and the smoking phenotype. The Comparing the intersection ratio of differential genes/probes derived from at least two 3 2 2 smoking-related datasets identified by DMGs and SIMPO showed that the robustness SIMPO-TSS200 & TSS1500) was significantly due to traditional EWAS (Figure 9) .
2 5
In the analysis of the Top N smoking phenotype-related genes, the SIMPO algorithm 3 2 6 also obtained better results than the traditional probe-based method (DMPs) ( Figure   3 2 7 10). In other words, the intersection ratios of smoking-associated genes identified by 3 2 8 SIMPO in the two datasets were significantly higher than the DMPs. P-values were calculated by Chi-Square Test. for SIMPO-TSS1500 algorithm-identified differential genes between GSE50660 and 3 3 9
GSE85210 dataset. (c) for SIMPO-TSS200&1500 algorithm-identified differential 3 4 0 genes between GSE50660 and GSE85210 dataset. (d) for SIMPO-TSS200 3 4 1 algorithm-identified differential genes between GSE50660 and GSE53045 dataset. (e) 3 4 2
for SIMPO-TSS1500 algorithm-identified differential genes between GSE50660 and for SIMPO-TSS1500 algorithm-identified differential genes between GSE53045 and 3 4 7 GSE85210 dataset. (i) for SIMPO-TSS200&1500 algorithm-identified differential 3 4 8
genes between GSE53045 and GSE85210 dataset. In this study, we verified the biological significance of the SIMPO algorithm by is significantly better than DMGs; in the GSE85210 dataset, the SIMPO-TSS1500 3 5 9
algorithm is significantly better than DMGs ( In the above analyses, we analyzed a set of samples (including 1,202 individuals) that 3 7 3
contained both transcriptome and DNA methylation data and showed that the SIMPO 3 7 4 score of ~40% of genes were significantly correlated with the average mRNA correlations. Next, we used three smoking-related DNA methylation datasets to 3 7 7 validate the robustness of the SIMPO algorithm. The results showed that the 3 7 8
robustness of the SIMPO is significantly better than the traditional probe-based 3 7 9 methods for the same datasets and between different datasets. Finally, by comparing 3 8 0 with known tobacco use disorder-associated genes, it is proved that the biological 3 8 1 significance of the differential genes identified by the SIMPO algorithm is 3 8 2 significantly superior to traditional methods, especially SIMPO-TSS1500. In can be further applied to related research in the field of epigenetic biology. In this study, the SIMPO-TSS1500 algorithm was used to mining gene-level 3 8 7
1.20e-28, based on chi-square test).
0 1
Then, according to the P-values of the differential genes obtained by the t-test, from 4 0 2 small P-value (most significant) to large P-value (least significant), we obtained the Enrichr database (http://amp.pharm.mssm.edu/Enrichr/), the results showed that diabetes-related KEGG pathways ( probe-based methods were not enriched in corresponding pathways. Top300; SIMPO-TSS1500 Top400;  SIMPO-TSS1500 Top500; SIMPO-TSS1500 Top600;  SIMPO-TSS1500 Top700; SIMPO-TSS1500 Top800;   SIMPO-TSS1500 Top900; SIMPO-TSS1500 Top1000 Wnt signaling pathway SIMPO-TSS1500 Top100; SIMPO-TSS1500 Top200; SIMPO-TSS1500 Top300; SIMPO-TSS1500 Top400; SIMPO-TSS1500 Top500; SIMPO-TSS1500 Top800; SIMPO-TSS1500 Top900; SIMPO-TSS1500 Top1000 1 obtained from Enrichr database (http://amp.pharm.mssm.edu/Enrichr/). 4 1 4
In addition, we also conducted disease enrichment for the IR-associated gene sets genes (6.45%) identified by the traditional method were known PD-associated genes.
4
For the SIMPO-TSS1500-identified PD-associated genes, the ratios were 9.19% (for 4 4 5 GSE111629) and 9.28% (for GSE72774) ( Then, this study enriched the KEGG pathway for SIMPO-TSS1500-predicted 4 4 8 differential gene sets of PDs through GSEA. The results are shown in associations. This study compared SIMPO-TSS1500 predicted PD-related differential PD-causing genes were significantly higher than the background databases ( Table 7) 4 6 2
( Table S10 ). The above results further proved the reliability of the SIMPO-predicted regions of a gene contain five or more probes to obtain a SIMPO score. Therefore, a 5 0 1 large number of genes containing a small number of probes will be lost. At present, 5 0 2 the number of genes that can be calculated by SIMPO-TSS200 and TSS1500-SIMPO 5 0 3 is only about 4,000, and the number of genes that can be calculated by 5 0 4
SIMPO-TSS200 & 1500 is only about 10,000. It is much smaller than the number of 5 0 5
genes contained in the human genome. As a result, some critical functional genes 5 0 6
have been missed for the current SIMPO algorithm. Fortunately, with the popularity 5 0 7
of the Illumina 850K BeadChip in EWAS, which contains more than 850,000 probes, 5 0 8
the number of genes that the SIMPO algorithm can calculate will increase 5 0 9
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